Quantitative Microscope Study of the Flotation Products of the Anaconda Copper Concentrator by Gaudin, A. M. & Henderson, H. B.
Montana Tech Library 
Digital Commons @ Montana Tech 
Bachelors Theses and Reports, 1928 - 1970 Student Scholarship 
Winter 1-1933 
Quantitative Microscope Study of the Flotation Products of the 
Anaconda Copper Concentrator 
A. M. Gaudin 
H. B. Henderson 
Follow this and additional works at: https://digitalcommons.mtech.edu/bach_theses 
 Part of the Metallurgy Commons 
Q ITIT TIV UC O 0 0 IO OD C .::> 
0 COD C 
G d e o 
0 
IV£ i OROS 0 
C 
0 FLOT TION P~ODUCTS 
CO C TOR 
• G 1n 
o o the 'Ont nn 
UANT TAT IVE CROSCO STU Y F TH FLOT AT ION FRODUCTS 
CF THE ACO COP R CO NT TOR* 
A •• GAU I•• and H, B. HEa)ERSO ••• 
ult of mi~ro cop investigation ot the flotation 
Ania.ccma.e., !() t a., uriderte.ken in September 1930 und r the 
as e ablish d at th Montana School of 
rmine the follo 1ng: 
lo lotation cell groups; 
s• I 
eoncentr 
r laborious ork with a metallographic mioro- 
1 o, th v lopment or & n& teohn1qu d& ign d to 
r a.ration. The present aper has a limit d 
11oa ion of th g n ral technique or quantitative 
din th introduotion ar aa follo 
s. t Anaconda. 1 n 
as follow : 
or cour much 
2 ut 
oopp r cone n- 
one ntrat having lo 
v ry in 
(o) C loooit, ornite, and chalo yr1t as ociat d it pyrite 1n moderately 
nt at d gr e. 
lti te oopper cont nt of the t lin hioh e uld ba obtained if a perfect 
en iron oono ntr te is made. 
ot on of sulfuric a.o1d1 and minor 
rom th1 cone ntrate by leaoh1ng 
s of uoh a prooedur ha.va, of oourse, 
cope of the problems tmder 
oont&ins 
1norea. e 
ent lo sh et. 
t of miner&l barren or 
obtainable by ui table modi• 
PROC 
as floated in Hnel"e.ls Sepe.r-a- 
5 oe l in er-ie .(l) Conoentrat was 
pos 
r -o1roul t d until they 1ther float 
ur e, hav been de irabla to hav tak n 
h v ntaile t lea t twice th work 
om n a.ting a.mount of information. A 
ro alls 3, 4 nd 5, nd a third 1ample 
Th middling w s divided 1nto 
ix o lls. C 11 No 6 wa 
or middling and 1 ther fore 
mor easily if r tained 
r han by th customary oombina- 
1 ooneentration of min ral o 
Jut passing th fin t 1 ve) - 
• Th ampl or cono ntr te 
tz, 12 microns ror pyr1t ). 
11 o te product. Thi para.- 
it 1 both a 1 r to poli h 
h 
n Oono ntrators at 
Or Dr 1ng Product 
or t 0 
eat • 
eon 
es eoially in the oas of m nerals so hard to polish as pyrite a~d stli- 
were sized by elutriation n ater for the silicate produot, and ir. 
yrit produot, don to 1600 m sh (9.2 microns for silicate a.nd 6.o microns for pyrite)~ 
of 
xe ept of the -800 me sh porti ons 
of the tai 11 ng. 
e ann r as m ner l specimens xcept that extreme oare 
ing too much r 11 • xtreme relief is obJeotionable because 
looked part ole, making them appear free. Some of the most 
Harvar h re a very satlsfaotory polish was obtained by & 
oe • en o served with dry lense, 
brass-yellow, eovellite is dark blue, 
In order to increase the color differenee 
th nitric a.old, which does not 
e of blue. The nitrio aoid stain was 
b teen ohalooeite and eovellite. The 
ly f enargite, tennantite and tetrahedr1te1 
tall grouped tog ther as 'enarg1te1• Later, 
s i t1 ot1ve ta1ns so that they may be readily 
million particles wer counted, identi- 
t as found necessary to count 23,000 
s to mineral 
ooked particles, the percentage or eaoh 
h counting end 1dentif1oation w re mad 
in from JOO to 2500 diameters. Th 
- lf tot o days, p ndin upon it 
d pol sh aoh se.mpl and 
brings out th faot 
oond ortion ot the 
11 htly coarser in 
ineral Grain•" 
G ology (1928) .U,, 
00 
s Zin analys cone rrtrat , 
m1ddl ng, roduot. 
Tailin§ 
Silicaousl Siz, icron, yritio 
h pyrit 10-15 portion portion 
5.3 6.e ,2.3 
8 07 /153 3.3 • 5.5 11.5 7.a -~.a 
1 76/107 5.5 ~).C• 12.6 .3.6 7.1 16.2 18.6 
5 /76 19~5 23.: 22 5. 22.4 9.6 12.0 
38/ 20 • .3 18 l 16.3 21.7 15;6 16.e 1;.2 
27/38 5.5 2.•·. 13.1 ~.~ ,.o 11.7 11.1 
9/27 9. 6. ~ 4.8 .1 5.~ 8,2 6,8 
lJ 5/, .7 5. f· 5.2 3.6 7.9 6.4 5.3 9 5/ 3"] (M J .. 4 6 7/'}.5 21.4 l~'h l '}.7 10.2 2 .3 4., 4.0 
6.7 ·- ~.l 12., 
11cat, pyrit, sphalerite, ehaleo• 
1tiea icn 11 the minerals listed 
term 1silieate' r r rs to all the 
r om ach oth r under th refleeting 
eom n xt d 1s, 
and bornit • 
o ion of the cone ntr t 
1 o inter at to note th 
r content of the middlin 
pos ibly be- 
variou 
h fin t izes tud1 d, 
r about qu lly a \ ndant 
ohal• 
nth 
d 
th 
eontairiine onA er more of 
pyrit J s halerit 4d th 
eo~s dared as loo~ d, 
ifica o. fraotioally sp aki g, 
mesh size-fraction 
This fact, cou~l~ 
~), inrl eat the 
, 28C/4 o, r.d 560/80 -me h 
III. Th s tabl 
1. 
m oh v st ram 
T 
f l 
C 3- 
72 
5 
93 
l 
1 
75 
r ulfide. • 
ng Tailing 
7-9 C 11 l -lS 
2 6 n 
6 18 
3 46 7 
pyr t ith 
n la 
TABLE II: 
of f ch p r s 
Te.ilin 
- , yri tio Sllieio J ortion portion 
75 65 9 0 0 
8 65 26 2 0 0 
9 3 7 2 .34* 
69 21 8 0 
C le 77 3 0 
89 17 7 0 
2 7 4 15 0 0 
;I 91 52 0 0 
97 96 73 56 0 
6.3 6 0 0 0 
Ch o- 1 52 0 0 
PY 96 91 r • L. 15• 0 
re counted, the small number 
r s re ome hat unc rtain. 
Tailin 
C 11 yritio 
portion 
25 22 7 16 12 
23 2 1 14 
36 3 3 10 
7 27 3 21 12 
lat ve .hu ane of locked parti- 
the most rarely assoeiated with 
ly associated with py~ite, often 
th pyrite th&n 1th silicates, 
or ohaleoe as to yi ld by comparison the 
lieat • Eriar t a~d t trah drite-te nantite 
J.n table v. 
dly in th fin r-s 
oiabl eh n from s z 
h w ght d av rage, givir.g the con- 
ht t copper co1tent r the pyrit 
h&t the copp r content or the 
T LEV 
C lcul t d cop r oon nt or t ng. 
s z 
m h 
yr roduot 
r, 
Wi1ghted average, 
copper, % 
o. 7 
0.33 
0.25 
.24 
0 2,3 
.20 
0.17 
0.15 
.16 
.15 
0.17 
ling r nil t 
in 1z b yond 
1n th pyritio 
7 
loss 
th 
th 
oh leoo1t 
of eopp r mi re.l in th various izes of the 
• Th dth of th blocks i proport1one.l to the 
to th pre nt&g or eopper minerals lost. The 
and tenn ntite and th stippl d area all the other 
o hat the p rt o th diagre.m &bove th base line represents 
th yr1t, ilioat s r p 1 rit, and that below the base 11n, 
h n nargite, ohalcopyrite ia lot in 
.t in th fe d, than either bornite or 
er a.sin the tailing lose, 
1 t is known that looked 
e of oopp r min rals should be 
~rraot1on of th siliceous 
bl ao er content from the 
Thes values re 
oa.n b notio d. 
T LE VI 
1z , ltimat minimum copper 
m h cont nt of tailing,% Cu 
21 2 0.13 
21 .3 0.13 
32 7 0.12 
36 2 0.1.3 
:; .5 0.12 
33.7 .11 
28.2 o. 9 
2 .o 0.11 
9.7 o.oa 
.3 0.10 
d .32. o. 16 
A r a l aner ciro 1, or oth, hold yield & aoneen- 
trate of 
s 
po s1 l • 
er..t 
ir.to e. a d a. l nio aono ntrate appears 
iddling 
to e ~a1s9d without 
erhap, as to make 
middling 
r treatment cir- 
J. R. Hobbina, 
B nd r, General 
n "ork ; 
t Franoi , Thomson and 
eori truetive aritioism 
C .1IDDLI1rG 
ILICA 
r....- ---A._-------- '\ ,..- ------ --- ------ ~-r-r--r-r--rr,....,.....,.....,-r-i~~,-,--,-,--,.+-,r--•T"""T-r-,o-r-i-,-......,_,.......,... _._ _ 100 
!r-----t-------+- -+------t-~-l-+-4--1--4-J.-l--'-+-1~1-+--i-l-""-'90 
80 
8 
~ 
C 
?O H 
t-4 
~ 
60 ~ 
~ 
~ 
8 
50 0 
c~ 
Pr.t 
0 
40 
8 
~- ,-.c 
J:l:l 
30 0 
~ 
~ 
~ 
20 
IO O 00/ 0 T 
I / I 
0 
0 
0 
0 
}- 
0 
0 
acrs. 
'.D.DLHJG 
_____ ___..A _.. _,,A_ , 
I ~I , 10 
90 
8 
70 
!H , 
U . c:, J.:.J 
S LIC.AT ;u) 
8 
0 
0 
) 
C I 
1IDDLING 
______ ----L___ 1,------------- ------------ lvO ----+- ..;.._ ..;__ _,.. --, 
gQt----+--------1-- --4-- --------i~---- --------; 
........ ........ 
.... ,. . . . . . . . . 
F 
(I 
G U .r.B S 
ITE, ITi, ILIC TZS) 
?Ot--. .-.-_- _ __. .,_ .,_ 
. . . . . . . . 
. . . . . . . . . . . . . . . . . . . . . 
. . . . . . . . . . . . . . . . . . . . . . . 
1 
______ A '\,---------------~ 
10 -' ---~------ ----,-- ----------, 
901-- - .......... ----~---+-----+-----------, 
...... . .. . . . 
F .t. ~ E 
RITl, 
Al-TGUES 
u•--·◄-~.IT~, crLIC ~ES) 
C 0 0 0/ 0 UC 
50 
40 
30 
20 
Cl) 
~ 
H 10 0 
H r: 
~ 
8 
Cf) 
~~ ~ 6 H A 0 
H H 
§ 8 p:; 
ti) p.. 4 
ffi µ-.:f ~ H ~ P=-4 
0 
~ 
t) 
I 
~ 
H 
~ 
0 
~ 
0 
p 
0 ~ 
0 0:: H ~ 
~ ~ 
~ 
3 
2 
1 
.8 
H 
8 
.o 
.o 
) 
/(.) 
- ...... -1-- . I 
I . I . . . - I ) 
I 
/~BORlIT~ 
, I l., , 
J I 
I I ~ , I _,,_ -- :' I I ___ , ·..,,,,..- 
...... V-'' 
) I 
/2' CHALCO ~/' /? f{I'/~ CJ. :.LCO I ' 
.· 
'. /I ' // I I 
I / I I -- 
I 
/ I ✓ s I I 
/ ,( f/ I 
., I I I /f , .,' I , I fl , ' I I I 
I I 
0 I f I I I I ) I , , r/ ' I -.GIT- 
/ 
I -,1 
5 ? - 0 - 1 
0 
0/ 00 0 
CONCE ATE A , IDDLI G PYRIT TAILING 
y 
n 
LICATE '!AILING 
sn 
0 
lOG 
/ 
/ 
/ 
I 
90 I 
I 
I 
I 
I 80 
I 
I 
§; I ti ?O 0 
~ 
I 
Ai I 
.. 
~ 
0 
@ 
~ 
0 
~ 
0 
0 
~ 0 0 
,_ 
0 
~ - 
3 
i:Q 
H 
rl 
20 
0 

